echnically speaking 


Modulation acceptance bandwidth 


tion acceptance bandwidth as: shown in Figure | below. This is the same 


‘The selectivity ct ee eee test procedure setup that is used to deter- 
limits the i, om permissible modulation mine the 12dB sinap sensitivity of a re- 
The specifications on an FM communi- deviation of the radio-frequency input signal ceiver. To determine a receiver's modula- 


By Harold Kinley, C.E.T. 


cations receiver usually specify a figure for that a receiver can accept, without degrada- tion acceptance bandwidth, first perform 
modulation acceptance bandwidth, What is tion of the 12-decibel sivap, when the s 

modulation qeseseanie bandwidth, and what radio-frequency input signal is 6 decibels fecatiwred ter page#3) 
SEY SNES Ws Riss Beene AE Geet Gee tla saa tte Ah Kinley, a certified electronics technician, is re- 


ure? We will attempt to answer that ques- 


z gional communications manager, South Carolina 
tion and maybe raise some new ones. 


Forestry Commission, Spartanburg, SC. He is the 
author of Standard Radio Communications 


IEEE Test Procedure for Frequency- 
Modulated Mobile Communications 
Receivers.) 


IEEE definition Manual: With Instrumentation and Testing Tech- 
The Institute of Electrical & Electron- Test procedure niques, Prentice-Hall, 1985. He is a member of 
ics Engineers (IEEE) defines modula- The setup for the test procedure is the Radio Club of America. 


XY 


Figure 2. The significant sidebands of an FM signal modulated by a 1kHz 
tone at a deviation of +3kHz. These sidebands account for 99.6% of the 
power in the sideband spectrum. Modulation index (8) = 3. 
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Figure 3. The significant sidebands of an FM signal modulated bya 1kHz —_‘ Figure 4. The significant sidebands of an FM signal modulated by a 1kHz 
tone at a deviation of +5kHz. These sidebands account for 99.3% ofthe —_ tone at a deviation of +7kHz. These sidebands account for 99.2% of the 
power in the sideband spectrum. Modulation index (8) = 5. power in the sideband spectrum. Modulation index (B) = 7. 
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(continued from page 8) 


the 12dB sinaD sensitivity test. Then, in- 
crease the signal generator level 6dB 
above the level required for 12dB sinap 
sensitivity, or twice the microvolt level, 
The sinab reading should improve greatly 
with the increased signal input level. 
Now, while observing the sivAD meter 
reading, slowly increase the deviation of 
the signal generator until the sinap read- 
ing is degraded back to the 12dB_ sinap 
level. At this point the deviation of the 
signal generator (=X kilohertz) is the 
modulation acceptance bandwidth. 

For narrowband FM, the minimum 
modulation acceptance bandwidth figure 
should be +5kHz. This figure is really 
not enough for fully modulated signals be- 
cause the modulated signal occupies a 
greater bandwidth, Typical receivers usu- 
ally are rated at about +7kHz modulation 
acceptance bandwidth. 

With modern crystal or ceramic filters, 
the bandwidth usually is on the low or 
narrow side if the input/output impedance 
matching adjustments are misadjusted. 


A fair test? 

The test procedure described above for 
modulation acceptance bandwidth some- 
times can be misleading and can, in some 
cases, lead to an unfair rating of a 
receiver's specification figure for modula- 
tion acceptance bandwidth. Why? 

The reason is that the input signal level 
varies according to the measured 12dB 
SINAD Sensitivity of the receiver; that is, the 
input signal level for determining modula- 
tion acceptance bandwidth is 6dB greater 
than the reference sensitivity level of the 
receiver. 

To make a truly valid comparison of the 
modulation acceptance bandwidth specifi- 
cation between two receivers of the same 
model (without regard to the reference 
sensitivity), it would only be fair to make 
the measurement at the same input signal 
level. 

You probably have seen receivers that 
exhibit a much better 12dB sinap sensitiv- 
ity than the rated specification. For ex- 
ample, a receiver with a reference sensi- 
tivity rating of 0.35pV is tested and found 
to have a sensitivity of 0.25~V or even 
0,20.V. This means that the modulation 
acceptance bandwidth test for that re- 
ceiver is run with an input signal level of 
0.54V or 0.42 (6dB above reference 
sensitivity). 

Then, when the modulation acceptance 
bandwidth test is run at twice the mea- 
sured sensitivity input level, the modula- 
tion acceptance bandwidth figure may fall 
short of the specification figure. In such 


cases, it is better to measure the modula- 
tion acceptance bandwidth at a signal in- 
put level 6dB above the manufacturer's 
specification figure for sensitivity rather 
than 6dB above the measured sensitivity 
level. 

When using the modulation acceptance 
bandwidth test to determine the perfor- 
mance of a receiver or to compare the per- 
formance of two receivers, use common 
sense. Make the comparison on an equal 


basis. Run the test in the standard way and 
then run the modulation acceptance band- 
width test using the same input signal level 
and compare the two results. This will give 
you a better idea of the receivers’ perfor- 
mance under like conditions. 


Modulation spectrum 

Although the frequency-modulated sig- 
nal has sidebands extending out to theo- 
retical infinity, it has been determined that 
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SIDEBAND POWER CALCULATIONS — 
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209918=99.2% 


sidebands containing 98% of the power in 
the modulated signal are confined to a 
relatively narrow bandwidth. Furthermore, 
if the sidebands containing at least 98% of 
the signal power are passed through the 
receiver, the signal can be reproduced with 
little distortion. 

Figures 2, 3, and 4 on page 8 show the 
modulation sideband spectra of a signal 
frequency modulated by a 1 kHz single tone 
at deviations of +3kHz, +5kHz and 
*7kHz, respectively. This represents a 
modulation index (f§) of 3 for Figure 2; 5 
for Figure 3; and 7 for Figure 4, Table 1 on 
page 8 shows the Bessel function for the 
carrier and sidebands for each of the modu- 
lation sideband spectra. 

The carrier and sideband pairs in Fig- 
ure 2 contain 99.6% of the total power in 
the frequency-modulated signal. The car- 
rier and sideband pairs in Figure 3 contain 
99.39% of the total power, and the carrier 
and sideband pairs in Figure 4 contain 
99.2% of the total power. The percentage 
of power contained in the sideband pairs 
and carrier is calculated as shown in the 
box to the left. The generalized expres- 
sion for the formula is shown in Equation 
| in the box. Equation 2 represents the 
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TONE REMOTES 


calculation of total power in the sideband 
spectrum shown. in Figure 2; Equation 3 
is for Figure 3; and Equation 4 is for Fig- 
ure 4. 


Required bandwidth 

The bandwidth required to pass the 
modulated sideband spectra shown in Fig- 
ures 2 through 4 can be calculated from 
the following formula: 


By, = 2f,(B + 1) 


where 


Never Looked so Good! 


CPI's tone remotes have always given you the best in quality, price and 
performance. Now they look even better doing it. 

The NEW TR series remotes have been redesigned to take advantage of 
our new housings and are available in telephone and console style models. 
We have also included several new features that you have asked for, such as 
2 watts of speaker output, front panel PTT capability and several dip-switch 
selectable features that make first time installation a breeze. 

Standard Features include —————— 


B,, = bandwidth in kHz 


fy, = modulating frequency in kHz 


8 = modulation index 


Modulation index (B) = deviation + 
modulating tone frequency. 

You can see that the formula for band- 
width holds true for the sideband spectra 


¥ A 3 a j * 2 watts speaker audio, a a= a =a 
shown in Figures 2, 3 and 4. For example, * Monitor and Intercom functions: — —_—_— i 
in Figure 2 the modulation index is 3 * Front i ARS star — ii — 3 —2— 
(3kHz deviation and [kHz tone). Substi- Available Options 


* 2 freq. control, Wall Mount kit, 4 wire termination and more. 


1186 Commerce Drive « Richardson, TX 75081 


tuting into the formula: 
(214) 437-5320 * FAX (214) 437-5360 « (800) 869-9128 


By = (2) + )=8 
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Thus, the bandwidth is 8kHz. In Figure 


2, the significant sidebands extend to 9 
*4kHz, which corresponds to a bandwidth 


of 8kHz. This relationship can be verified . 
in like manner for the sideband spectra y 
shown in Figures 3 and 4. 

These illustrations show why the re- e@ 


quired bandwidth is more than just the 


amount of deviation of the signal. If at First, the FCC waived SMR rules—which allowed unprecedented 
least 98% of the power in the modulated hoarding and monopolistic acquisition of channels. Now the 


Spectrum is passed by the receiver, the FCC is proposing changing more rules—which could force 
SMR operators to relocate their customers and lose 
their frequencies by auction. If things continue, the 
small SMR operator will be driven out of business. 


audio modulation can be reproduced with 
little distortion. However, when significant 
sidebands fall outside the bandpass of the 
receiver, distortion results. This phenom- 


enon is why the modulation acceptance Poy SMR WON (Specialized Mobile Radio Wireless 
bandwidth specification of a receiver is so Operators Network) is the only industry 
sai watchdog fighting to protect the invest- 


That being the case, it is equally impor- 
tant to be able to compare the performance ments of independent SMR operators 


features of two receivers fairly in making : nationwide. And we want you to 

a true performance determination. Thus, it be involved in the rule making. 

is very useful to run the modulation accep- 

tance bandwidth test at equal signal input Call the SMR WON 

levels. Pt? Ps Hotline today. Don’t let 
Stay tuned! . them change the 


ia rules and put you out 
ee of the game! 


SMRWON 


1-800-906-7144. 
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